This
heat treatment leads to substantial improvements in elevated temperature crack propagation resistance with apparently limited loss in resistance to LCF crack initiation as compared to the conventional heat treatment for this alloy. This is a result of tailoring the microstructure to obtain the optimum combination of grain size, grain boundary structure and matrix precipitate morphology.
In the modified heat treatment, the material is solution treated at 1032°C/lh (below the grain coarsening temperature) then furnace cooled to 843OC and held for 4h to produce profusely serrated grain boundaries by precipitating along the boundaries orthorhombic 6-Ni3Nb needles, hereafter referred to as the Ni3Nb phase. After this, the material is partially solution treated at 926OC/lh, to dissolve the coarse intragranular 7" precipitates (also of the basic composition Ni3Nb but having a body centred tetragonal structure) that previously formed during furnace cooling from 1032OC to 843OC/4h. Finally the material is subjected to the conventional double aging heat treatment.
Relative to the conventional heat treatment, the new heat treatment reduces the FCGRs and CCGR of Inconel 718 by a factor of 2 and 5 respectively at 65OOC. The new heat treatment does not alter the LCF life as a function of total strain relative to the conventionally heat treated material at 65OOC. This is a significant result if damage tolerance concepts are used in turbine disc design.
Introduction
Inconel 718 is used as disc alloy in a number of gas turbine engines. The time or number of cycles to grow these inherent cracks to a predetermined dysfunction size are then used to establish a SII on the basis of which discs are repeatedly returned to service until a crack is eventually detected, Figure   1 .
If the crack propagation rates are excessively high, the SII may prove too short to be economically viable.
- The nose of the Ni3Nb TTP-curves lies in the vicinity of 843OC in all cases, Figure  3 . Direct aging at 818OC formed short Ni3Nb needles with limited serrations at the grain boundaries whereas direct aging at 917OC led to Laves phase precipitation.
A direct aging treatment of 843OW4h produced profuse serrations, Figure  5 , whereas longer aging times led to intragranular Ni3Nb precipitation. Therefore, a direct aging treatment of 843OC/4h was selected for inducing a serrated grain boundary structure.
Selection of Aging Treatments for Precipitating Optimum Amounts of 'y' and 7" All direct aging treatments that produce serrated grain boundaries also induce coarsening of matrix 7' and 7" precipitates, Figure 4 , which may be harmful to LCF life. Therefore, it is necessary to introduce a partial solution treatment in order to dissolve the coarsened matrix 7' and 7" precipitates and reprecipitate them in the optimum morphology without dissolving the grain boundary Ni3Nb precipitates and straightening the serrated grain boundaries. After direct aging, partial solutioning at 917°C did not completely dissolve the coarse 7" precipitates whereas at q55OC it led to excessive growth of Ni3Nb needles while at 975OC it started to dissolve the Ni3Nb needles. Excessive Ni3Nb needle growth should be avoided because it removes Nb (the main y' forming constituent) from the grains thus decreasing the matrix strength. A partial solution treatment of 926OWlh was thus deemed adequate for solutioning the coarse 'j" and 7" precipitates formed during direct aging. workers, (4,7) it Following the suggestion of other was further decided to reprecipitate ')" and 7" through a standard double aging treatment, i.e. 718OW8h F.C; 621°C/8h/AC.
Two modified heat treatment schedules were selected to assess which would provide the best balance of mechanical properties relative to the conventional heat treatment, Table 2 . A typical microstructure of the modified heat treated Inconel 718 is shown in Figure 5 .
Mechanical properties
The modified heat treatments decrease the Inconel 718 yield strength relative to the conventional heat treatment, Figure 6 and Table 2 . These trends are not unexpected because heavy grain boundary Ni3Nb precipitation in modified heat treated materials removes some Nb (the element responsible for y" precipitation) from the matrix which leads to a decrease in the matrix strength. Relative to the conventional heat treatment both modified heat treatments reduced the FCGR and CCGR by a factor of 2 and 5 respectively at 45 MPa drn, 
